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Specification 

1. Name of Invention 

Circuit Connection Method 

2. Patent Claims 

1 . A method for establishing conductivity with connector circuits through a tape- 
shaped connector material that has anisotropic electrical conductivity 
between two electrical components that need to be connected electrically to 
each other and that have multiple connecting circuits fabricated in a parallel 
array, connecting both electrical components to each other through heating 
and pressure using a flat bottom pressure die, where said circuit connection 
method is characterized by having the width of said anisotropic electrically 
conductive connector part being less than the width of the pressure die. 

3. Detailed Explanation of the Invention 



<Area of Application in industry> 



The Dresent invention relates to fine circuit connection methods that use a 
mrSdk? . paThaving anisotropic electrical conductivity and that has adhes,ve 
properties. 

<Prior Art> 

In recent years attempts to use anisotropically electrically conductive connection 
maTe7a"s that have adhesive properties as connecting materials for fine arcu.try .n 
eteSy connecting electronic components such as ^^^ZSS^ 
elements such as liquid crystal displays and electrolummescent (EL) displays to 
drcurt boards on which circuits are fabricated has been drawing constderable 
attention. 

These connections materials are provided in the form of fi' ms ^ in J^^ * 
amount of electrically conductive filling materials such as Ag, Cu, N. carbon or ttie 
Te are compounded in an adhesive binder and then either coated into a layer by 
directlv coating onto the connections circuits and then drying, or structured onto a 
d pel2e basematerial in the form of a film, and when this adhesive matenahs 
placed between corresponding circuits that face each omer and then ^ed put 
under pressure, or heated and put under pressure, etc., .n me adhesion operation, 
ttTe connection part is thereby caused to be electrically conductive in the direction 
of the thickness of the connections circurts, is given insulative P^'f^^ff" 
adjacent connection circuits, and simultaneously causes the circurts to be secured 
to each other. 

Consequently, the connection parts are able to connect multiple miniature circuits 
to each other in a single connection operation with the convenience of 
multifunctionality. 

However, because of the heating and pressurization, for example, during the 
connection operations in order to connect a large number of miniature circuits all at 
once the electrically conductive filler material within the connection matenal is 
caused to become fluid, causing it to lose its properties of insulating between 
adjacent circuits (i.e., there is [electrical] "leakage"), and thus the t^ra^e 
pressure, and time in the adhesion process must be controlled precisely, and there 
have been strong demands for the prevention of leakage as : drc t u,te ^f«>me 
increasingly small. Consequently, because conventionally arcuits wherein there is 
leakage have failed to function, these circuits have required rework procedures, 
thus entailing excessive labor and expense. 

Explaining this in greater detail. Figure 3 shows the state wherein two circuit 
boards 1 and 1', which are parallel to each other and upon which connection 
circuits 2 and 2' are provided, are connected to each other electncally through an 
anisotropically electrically conductive part 3, where, in this figure, U is the initial 
width of the connection part 3 and L, is the width of the connection part after it has 
been subjected to heating and pressure by a pressure die. 

When one looks closely at the situation wherein leakage occurs, the fluid part 5 
that is formed from excess connection material by the heating and pressure at the 
time the connection is made flows to the outside of the mutually facing circuits and 
the leading edge of the material that has flowed out eventually cools and hardens 



to form an embankment-shaped barrier 6 (termed the 'cold line" below), where the 
electrically conductive filler material in the connection material that has flowed out 
is concentrated in the cold line where it is obstructed and stopped, thus forming a 
conductive path 7 between adjacent circuits, and becoming the primary cause for 
the occurrence of leakage. 

<Problem Solved by the Present lnvention> 

The present invention is the result of careful consideration of the circumstances 
above and provides a connection method for miniature circuits that is able to 
prevent the occurrence of leakage between adjacent circuits because no cold line 
is formed. 

<Means by Which the Problem Is Solved > 

In the present invention, a pressure die (heating plate) that is larger than the width 
U of the connection part is used, and thus when the circuit connection operations 
are performed the fluid part of the connection part has a gentle temperature 
gradient towards its leading edge, and thus no embankment-shaped cold line is 
formed Although it depends on the fluidity of the connection part, in order to 
achieve this object the pressure die should be a size that covers at least 50% of 
the fluid part. According to the present invention, in the fluid part the electrically 
conductive filler material exists in a form wherein it is adequately dispersed in the 
connection part, and because no electrically paths wherein the electncally filler 
material is concentrated are formed, no leakage occurs. 

The present invention is explained in even greater detail. 

In the cross-sectional diagram of the connection structure in Figure 1 , the 
connection part 4 (with a width of U) is placed between the circuits 2 and 2' to be 
connected and a {ambiguous either Hat-bottom pressure die" or "flat low pressure 
diel 8 (with a width of lo) applies a pressure, where, when said pressure is applied, 
the connection part forms fluid parts 5 and 5' (with a final width of Li), connecting 
the circuits. 

If, at this point, the initial fluid temperature of the connection part is T 0 and the 
hardening temperature (i.e., the temperature at which the fluid flow stops) is T,, 
then the fluid flow statuses when U slo and when U < l 0 will be as shown 
schematically in Figure 3. In other words, when U 2d 0 , the temperature of the fluid 
part drops suddenly and the flow distance (L, - U) is short, causing the formation 
of the cold line described above, where the electrically conductive particles 
accumulate at that location, forming a conductive path in the insulating part 
between circuits, causing leakage, while, in contrast when U < lo, the flow distance 
(Li - U) is adequately large, so no cold line is formed. 

The present invention will be explained in even more detail using the example 
embodiments, below. 



Example Embodiments 1 to 3 and Comparative Examples 1 and 2 



An anisotropic electrically conductive adhesive material (manufactured by Hitachi 
Kasei. Limited with a brand name of "Anslum [?] AC1052") 2ftim thick was used to 
connect a flexible printed circuit board (FPC). with a copper plating thickness of 
18//m and a total of 100 circuit lines with line widths of 75>m and a pitch of 150//m, 
to transparent conductive glass electrodes. At this time, the width U of the 
connecting materials and width l 0 of the pressure die were vaned. The connection 
conditions were 150°C at 10kg/cm 2 for ten seconds. 

The electrical resistance in the connections and the insulation resistance between 
adjacent circuits were measured. Insulation resistance values of 10 D or less were 
defined as leaks." The results are shown in Table 1 . 
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Number 


Connection 
Material 
Width Lo 
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Connection 
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Percentage 
Wherein Leaks 
Occurred (%) 


Example Embodiment 1 
Example Embodiment 2 
Example Embodiment 3 


2 
3 
4 


3 

3.5 
5 


1 

0.8 
0.7 


28 
25 
27 


0 
0 
0 


Comparative Example 1 
Comparative Example 2 


3 
5 


3 
5 


0.5 
0.4 


26 
27 


3 
8 



As is clear from the results in Table 1 , no leaks occurred in the example 
embodiments wherein the width (U) of the connection material was less than the 
width (io) of the pressure die. 

<Effects of the lnventlon> 

As detailed above, the circuits connection method of the present invention prevents 
the occurrence of leaks between adjacent circuits because there is no 
concentration or accumulation of the electrically conductive fill matenal in the edge 
part of the connection material flow in the direction that is parallel to the circuits. 

The method achieves the object though simple operations of applying heat and 
pressure using a pressure die that is larger than the length of the specific 
connection material. 

4. Simple Explanation of Drawings 

Figure 1 is a conceptual drawing showing the state of the connection between 
circuits in the present invention. Figure 2 is a schematic drawing showing the 
relationship between the position of the flow part of the connection matenal and the 
temperature of the connection material. Figure 3 is a partial planar view (i) and a 
cross-sectional view along section a-a (ii) showing the state wherein leakage 
occurs. 



Explanation of Symbols: 

1. Circuit Board 

2. Connecting Circuits 

3. Connecting Material 

4. Insulation Part Between Circuits 



5 Fluid Part 

6 Cold Line 

-j\ Conductive Path 

8 pressure Die 



8 Pressure ute 




Figure 2 
Figure 3 
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